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Abstract 
Ⱥ research of approaches with the purpose of the assessment of the impact of environmental regulations on the site selection for 
construction is presented in this paper. The approaches of the environmental air monitoring in Russia and abroad, and particularly 
the collection and interpretation of data are also studied. The authors obtained data archives of the environmental air monitoring. 
This data is interpreted using the Russian method (maximum permissible concentration) and the main foreign one (air quality 
index). Discrepancies in the interpretation of the environmental air monitoring data are found. In many cases, according to the 
Russian method, the air quality was considered acceptable but the foreign methodology recommends to limit a long-term outdoor 
presence of citizens from the risk groups. The deficiencies of the Russian standards in the environmental air monitoring are found 
and described in the paper. Improvements to the Russian methodology are also proposed by authors. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
Environmental situation is one of the most important factors affecting the choice of the construction site. Air 
pollution imposes significant restrictions on different kinds of citizens’ activities at the area. Strict environmental 
requirements should be observed to start construction of hospitals, schools, health centers [1], also, environmental 
conditions affect the cadastral cost of the land [2]. 
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A high level of air pollution makes the construction of a certain type of objects unprofitable in the area, for 
example stadiums, because in case of air pollution it is necessary to cancel mass actions for people who are sensitive 
to air pollution. 
As a result, development and improvement of qualitative and quantitative criteria for assessing environmental 
situation at the chosen area is an important task. 
The presence of a numerical criteria for assessing environmental situation at the chosen area will allow for more 
accurate estimation of cadastral cost of land as well as it will make it easier to construction companies to select a site 
for construction. 
2. Atmospheric air monitoring data 
The development of environmental monitoring systems has happened in the last decades[3, 4]. In many large 
cities of Russia mobile and stationary stations had started producing measurements of the concentrations of 
contaminants [5]. The development of computer technology and satellite reception of meteorological data made it 
possible to create systems modeling the dispersion of pollutants in the city atmosphere with great precision, like 
Aermod [6], Calpuff [7], Copert [8], Caline [9], Gem-Mach[10]. 
Thus, if it is possible to have an access to the data for environmental monitoring over a long period, there is a 
technical possibility for reasonably accurate assessment of the air pollution in the surface layer at the selected area 
for a long time and make a conclusion about the suitability of the site for the construction of certain object.  
The authors conducted an analysis of foreign and domestic resources, providing access to environmental 
monitoring data. 
2.1. Access to data in Russia and abroad 
To collect information about air pollution in a particular area of the city, municipal environmental committees 
and other organizations conduct environmental monitoring. However, there is a difference in approaches of 
environmental monitoring. 
In many major cities abroad, regional environmental committees use stationary and mobile monitoring stations to 
collect information on pollutants and meteorological data, and then publish it on the web-site [11, 12]. These web-
sites provide open and free access to archival information. It is possible to trace the dynamics of change in 
concentration of pollutants in a particular urban area. 
In Russia manual or semi-automatic monitoring was used until recently. Using this approach of monitoring, 
public authorities and representatives of the companies took air samples, delivered it to the laboratory, performed 
the analysis and on the basis of the above actions made out reporting documents. Such monitoring makes it 
impossible to draw conclusions on the contamination of a certain day and a certain hour. However, the last few 
years, Russian government began to pay more attention to environmental monitoring. As a result, in Moscow [13] 
and St. Petersburg [14] data collection is not inferior to foreign ones, what can not be said about other major cities of 
Russia, such as Volgograd. Volgograd is a large industrial city, whose population exceeds 1 million people, and the 
length along the Volga river is more than 70 kilometers. For so large and populous city only five fixed monitoring 
stations are used to estimate air pollution and one meteorological monitoring station. Moreover, due to various 
reasons, monitoring at the stations can be interrupted for a month or more. The data obtained in this environmental 
monitoring does not allow to trace the history of pollution. Collecting data is only one part of environmental 
monitoring, the second part is the analysis of the data, which allows to conclude are these levels of pollution harmful 
to humans or not. 
2.2. The interpretation of environmental monitoring data. AQI 
One of the ways of interpretation of environmental monitoring data is the Air Quality Index (AQI) [15]. This 
index is introduced by US Environmental Protection Agency and it is one of the world standards. AQI calculated for 
one of the five main pollutants: O3, NO2, CO, SO2, PM2.5. The result is represented in the 500-point scale. The scale 
is divided into six intervals: 
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x 0 - 50: Good. Air quality is considered agreeable, and air pollution poses little or no risk.  
x 51 - 100: Moderate. Air quality is acceptable; however, for some pollutants there may be a moderate health 
concern for a very small number of people who are unusually sensitive to air pollution.  
x 101 - 150: Unhealthy for Sensitive Groups. Members of sensitive groups may experience health effects. The 
general public is not likely to be affected.  
x 151 - 200: Unhealthy. Everyone may begin to experience health effects; members of sensitive groups may 
experience more serious health effects.  
x 201 - 300: Very Unhealthy. Health warnings of emergency conditions. The entire population is more likely to be 
affected.  
x 301 - 500: Hazardous. Everyone may experience more serious health effects.  
Fig. 1 shows the distribution of PM2.5 concentrations of dust on a scale AQI. 
 
 
Fig. 1. Concentrations of PM2.5 for AQI. 
This index allows to give recommendations considering activity of different groups of citizens (eg, healthy 
citizens, people with respiratory problems, etc.) in the next 2-3 hours on the basis of air pollution monitoring data. 
2.3. The interpretation of environmental monitoring data. Maximum permissible concentration 
In Russia, the harmful amount of pollutants in the atmosphere is determined by the document: GN 2.1.6.1338-03 
Maximum permissible concentration (MPC) of pollutants in the atmospheric air of populated areas [16]. This 
document introduced the concept of maximum permissible concentration (MPC), if concentration exceeds this level, 
it is considered that the human body is experiencing the harmful effects of pollutants. MPC is divided into two parts: 
the maximum one-time and daily average. The maximum one-time MPC - is the value of concentration, exceeding 
which for 20-30 minutes can lead to substantial harm to human health. This can be restated as follows: pollutant 
emission occurred in urban area, which has led to an emergency situation that should be immediately solved by 
public authorities. 
The average daily MPC - is the concentration that significantly less than the maximum one-time MPC, which 
shows that human body is experiencing a long-term exposure to the pollutant. This value is calculated as the 
arithmetic mean of the measurements made during the day. The value of this indicator is calculating many hours 
after the citizens are exposed to harmful effects, so it is too late to take any actions. 
The disadvantage of the Russian regulatory base in the field of air pollution is the lack of an intermediate 
indicator of pollution, which can advise citizen, whether it is worthy to go for a walk or not, or have exercises, 
especially if the citizen is sensitive to air pollution due to the health condition.  
In addition, an archive of average daily MPC values over a long period of time does not allow, without further 
research to make conclusions about the suitability of the construction site for a certain type of objects. 
For example, an archive of AQI values over several years for certain area shows how often this area was not an 
appropriate place for sports, respectively, the city authorities can make an well-grounded decision to build a sport 
facilities or not. Table 1 shows the values of the maximum one-time and average daily MPC for major air pollutants. 
3. Research of archives of environmental monitoring data for the interpretation of differences 
This part of the article illustrates a disadvantage of Russian legislation in the field of air pollution monitoring.  
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Data from fixed station #2C of Volgograd were obtained by authors through the formal request to the 
Environmental committee of the Volgograd region [17]. Data for NO2 of 27 August 2011 are shown in Table 2. 
Table 1. MPC for major air pollutants. 
# Pollutant Maximum one-time MPC (mg / m3) Average daily MPC (mg / m3) 
1 CO 5 3 
2 NO2 0,2 0,04 
3 NO 0,4 0,06 
4 CH4 50 - 
5 SO2 0,5 0,05 
6 NH3 0,2 0,04 
7 H2S 0,008 - 
8 O3 0,16 0,03 
9 Formaldehyde 0,05 0,01 
10 Phenol 0,01 0,003 
11 Benzene 0,3 0,1 
12 Toluene 0,6 - 
13 Paraxylene 0,3 - 
14 Styrene 0,04 0,002 
15 Ethylbenzene 0,02 - 
16 Naphthalene 0,007 - 
17 PM10 0,3 0,06 
18 PM2,5 0,16 0,035 
 
According to the Russian legislation: 
x maximum one-time MPC value is 0.2 mg / m3; 
x average daily MPC value is 0.04 mg / m3. 
As shown in Table 2, one-hour concentration values do not exceed the maximum one-time MPC.  
The value of average daily concentration is 0.0306 mg / m3, which is less than the average daily MPC 
approximately on 25%. It may be concluded that on the basis of the Russian legislation, the health of citizens on 
pollutant NO2 is not in danger. 
Using the calculator [18] for AQI for a value of 23.00 (concentration value is equal to 0.1096, the temperature 
about 17 degrees Celsius), the derived index value is 55, that corresponds to the category "moderate". It means that 
citizens particularly sensitive to increased pollution values (people with asthma and other respiratory diseases) may 
experience respiratory symptoms. 
Analogous situations have been identified: 13.04.2011, 12.03.2012, 16.04.2012, 04.05.2012, 24.06.2012, 
27.07.2012, 04.09.2012, 13.09.2012, 25.09.2012, 30.09.2012. 
Foregoing case illustrates that the excess of MPC is not enough exact indicator of air pollution.  
Moreover, the accumulation of errors in the archive of MPC values makes it less informative for making 
decisions about the construction. 
4. Fuzzy graded MPC 
As seen in previous part of paper, the Russian sanitary norms and rules in the field of environmental monitoring 
do not take into account the results of current research in the field of public health.  
The authors suggest the introduction of MPC values between the average maximum one-time and average daily - 
hourly mean MPC.  
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Table 2. NO2, 27.08.2011, Volgograd, station #2C. 
Hour NO2 (mg/m3) 
1 0,0558 
2 0,066 
3 0,0364 
4 0,0101 
5 0,0058 
6 0,0098 
7 0,013 
8 0,026 
9 0,0272 
10 0,0258 
11 0,0085 
12 0,0089 
13 0,0074 
14 0,0103 
15 0,0189 
16 0,0098 
17 0,0198 
18 0,0143 
19 0,0077 
20 0,0219 
21 0,0535 
22 0,0838 
23 0,1096 
24 0,0842 
 
For more efficient use of hourly mean MPC should abandon the quantitative scale [19]. The best option is to use 
a linguistic variable [20].  
This variable is given by the set {x, T(x), X, G, M}: 
x ɯ: the name of the linguistic variable; 
x T(x): the set of values of the linguistic variable x; 
x X: the set of quantitative values, for which the linguistic variable x is set ; 
x G: syntactic rule for the formation of the new names of the linguistic variable x; 
x M: semantic procedure that allows converting the new name formed by procedure G. 
For the hourly mean MPC linguistic variable is of the form: 
x ɯ: hourly mean MPC; 
x T(x): "is not exceeded for all", "is exceeded for the long-term presence of citizens from risk group", "is exceeded 
for the long-term presence for all citizens", "is exceeded for short-term presence citizens from risk group", "is 
exceeded for short-term presence for all citizens"; 
x X: [0,+inf]; 
x G: { empty set}; 
x M: {empty set}. 
The exact shape and parameters of the membership functions can be defined by experts on the basis of data on 
the effects of pollutants on the human body, published by the World Health Organization [21].  
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The overlap of membership functions shown on fig. 2 reflects the uncertainty in the results of clinical trials - the 
symptoms of exposure to the pollutant does not always occur in people of one risk group, even at the same 
concentration value. 
 
Fig. 2. Example of overlapping membership functions for linguistic variable 
5. Conclusion 
This paper presents a research of approaches with the purpose to assessment the impact of environmental 
regulations on the selection of area for construction. 
The authors carried out a comparative analysis of Russian and foreign methods used to determine the presence or 
absence of air pollution. During the analysis several disadvantages of the Russian regulatory base were revealed and 
illustrated on the example of data obtained from one of stationary stations of environmental monitoring of 
atmospheric air of the Volgograd city. 
The authors propose a new indicator of the MPC in the form of linguistic variable, which can be used to assist 
decision making about the construction of the object at a predetermined site using data archive of environmental air 
monitoring. This will allow to select the most effective place for construction to meet the requirements of different 
groups of citizens. 
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